Introduction {#s1}
============

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide and is associated with poor quality of life (QoL) and a significant burden on healthcare resources \[[@C1], [@C2]\]. Current population-level strategies to reduce the burden of COPD have largely focused on smoking cessation, the most significant modifiable risk factor for the development and progression of COPD \[[@C3]\]. However, recent studies have reported a high burden of COPD among nonsmokers, which has supported the search for other modifiable risk factors in COPD development and progression. Studies have identified other factors, such as diet, socioeconomic status, air pollution and occupational exposures, that may play a role in the development and progression of COPD \[[@C4]--[@C6]\].

Several systematic reviews have reported that specific dietary components, such as high fatty acid content or consumption of high dietary fibre, may be protective against COPD \[[@C5]\]. Additionally, large population-based studies have reported that the consumption of a high fruit and vegetable diet rich in antioxidants is associated with decreased COPD \[[@C6]--[@C8]\]. As people do not consume specific foods or nutrients in isolation, there has been a shift towards studying the health effects of dietary patterns (*e.g.* the Mediterranean Diet and the Western Diet), rather than individual nutrients in isolation. Furthermore, dietary patterns are more easily interpreted and understood by the public allowing, for easier translation into COPD management \[[@C9], [@C10]\].

A prior systematic review did investigate the association between dietary patterns and COPD \[[@C11]\]. However, this review was limited by a small number of studies, which required pooling prevalence with incidence and loosely defining dietary patterns to include several studies of specific foods \[[@C11]\]. A meta-analysis was conducted but interpretation was limited due to significant heterogeneity (I^2^\>70%) amongst the studies. However, since then, several new studies have been published, possibly providing enough data for a meta-analysis \[[@C11]\]. Additionally, research has recently demonstrated the importance of dietary patterns on other relevant outcomes such as spirometric indices, and a review in this area has not yet been conducted \[[@C12]\].

Therefore, we conducted a systematic review to investigate the effects of various dietary patterns on the prevalence of COPD. Additionally, we sought to capture secondary outcomes if available, including the incidence of COPD, spirometric indices (forced expiratory volume in 1 s (FEV~1~), forced vital capacity (FVC) and FEV~1~/FVC), COPD mortality and QoL in those already diagnosed with COPD.

Methods {#s2}
=======

We conducted and reported this systematic review according to the Preferred Reporting Items for Systematic Review and Meta-analysis guidelines \[[@C13]\]. The protocol for this review was registered with PROSPERO (identifier number CRD42018094503).

Data sources and search strategy {#s2a}
--------------------------------

Database searches were conducted in MEDLINE, Embase, Web of Science, CINAHL, LILACS, AMED and the Cochrane database for articles published between 1 January 1980 and 30 November 30 2019 using the key terms described in [tables S1--S5](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00168-2019.figures-only#fig-data-supplementary-materials) for each database. Search terms were selected to encompass articles reporting on dietary patterns and their relationship to COPD. Hand searches of the reference lists of published systematic reviews and recently published articles were also conducted to identify additional articles for inclusion in this review.

Study selection {#s2b}
---------------

We included studies investigating the effect of dietary patterns on COPD outcomes in both adults and children. We included studies that met our predefined inclusion criteria: 1) randomised controlled trial, cross-sectional, case--control or cohort studies; 2) studies reporting associations between COPD prevalence, incidence, QoL assessed with a validated tool, spirometric lung function or mortality and at least one dietary pattern; and 3) studies that defined COPD by either physician diagnosis or objective spirometric testing (FEV~1~/FVC \<0.7 or lower limit of normal criteria).

We excluded studies that defined diet based on individual nutrients, foods or food groups, as well as studies in which the presence of self-reported symptoms alone defined COPD. We also excluded studies that were not available in English.

Following initial calibration exercises, teams of two reviewers (two of M.K. Parvizian, M. Dhaliwal and J. Li) independently screened titles and abstracts for inclusion in the analysis. Subsequently, any articles judged as potentially meeting the inclusion criteria underwent a full-text review. All discrepancies were resolved by consensus and a third reviewer was consulted if disagreement was not resolved between the two reviewers. If authors published multiple papers on the same dietary pattern and outcomes in the same cohort, the study with the longest follow-up was selected. Inter-rater reliability was assessed for each data screening pair using Cohen\'s κ at both screening stages.

Data extraction and quality assessment {#s2c}
--------------------------------------

A data extraction form was developed for this review using the Covidence platform \[[@C14]\]. The predefined data extraction form included author, year of publication, study design, number of total participants, number of cases, age, sex, dietary assessment method, factors adjusted for in the analysis, effect estimates and confidence intervals. Whenever a study reported more than the one adjusted estimate of effect for an outcome, we chose the most adjusted effect estimate.

Two reviewers (M.K. Parvizian and M. Dhaliwal) independently grouped each dietary pattern into one of three categories based on the makeup of each diet (*i.e.* foods and nutrients consumed): healthy, unhealthy or neutral. The Healthy Eating Index 2010 criteria were used to assess patterns \[[@C15]\]. The foods and nutrients included in relevant dietary patterns were assessed, and the overall pattern categorised by the reviewers. Healthy diets would have high levels of fruit, vegetables, beans and green vegetables, whole grains, dairy, seafood and plant proteins, and fatty acids, coupled with low levels of refined grains, sodium and empty calories, with unhealthy diets not meeting these criteria \[[@C15]\]. Several dietary patterns were identified: cosmopolitan, traditional, refined-foods, high-carbohydrate, Dutch dietary guidelines, Mediterranean, prudent, Western, Alternate Healthy Eating Index (AHEI), American Heart Association (AHA) and Dietary Approaches to Stop Hypertension (DASH). Of these diets, the Mediterranean, prudent, DASH, AHEI, Dutch dietary guidelines, cosmopolitan and AHA were classified as healthy, whereas Western, refined-foods, high-carbohydrate and traditional were classified as unhealthy \[[@C16]--[@C22]\]. None of the investigated dietary patterns fell into the neutral category. All disagreements were resolved by consensus. Dietary patterns are summarised in [table S6](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00168-2019.figures-only#fig-data-supplementary-materials) for each study.

Teams of two reviewers (two of M.K. Parvizian, M. Dhaliwal and J. Li) independently assessed the risk of bias and methodological quality of each study included in the review, using the National Institutes of Health Quality Assessment Tools (NIH-QATs) \[[@C23], [@C24]\].

Data synthesis and analysis {#s2d}
---------------------------

Statistical analyses and figure generation was performed using Cochrane\'s Review Manager 5.3 and RStudio (utilising the meta, metafor and dmetar packages) \[[@C25], [@C26]\]. For all statistical tests performed, a p-value \<0.05 was considered significant.

The studies included in this review reported outcomes comparing the prevalence or incidence of COPD in different tertiles, quartiles or quintiles of dietary pattern adherence scores. The analysis was performed using dichotomous outcomes comparing the highest adherence group and lowest adherence group. Dichotomous outcomes were analysed using pooled odds ratios or risk ratios (RRs) with 95% confidence intervals, where sufficient data were available for meta-analysis. Studies reporting hazard ratios were only included in the meta-analysis if enough data to calculate the odds ratio or RR were included. Studies investigating multiple dietary patterns in one study population had the subgroups within the study combined prior to meta-analysis, so that the population was not inaccurately weighted in the forest plot \[[@C27]\]. As this meta-analysis included only nonrandomised studies, random-effects models were calculated using a generic inverse variance method to allow for the most appropriately adjusted odds ratio to be included \[[@C28]\].

To evaluate heterogeneity, we calculated Q-statistics and the inconsistency index (I^2^) for each pooled statistic. We considered an I^2^ of 25%, 50% and 75% to represent low, moderate and high degrees of heterogeneity, respectively \[[@C29]\]. To investigate heterogeneity, subgroup analyses were performed based on geographic region, age, specific dietary pattern and sex where data permitted. Metaregression was performed in analyses with ≥10 studies \[[@C30]\].

To assess publication bias, a Begg\'s funnel plot was generated for any outcome with ≥10 included studies \[[@C31]\]. An Egger\'s test was performed to quantify asymmetry \[[@C32]\]. The trim-and-fill method was utilised if funnel plot asymmetry was suspected \[[@C32]--[@C35]\].

Results {#s3}
=======

Study selection {#s3a}
---------------

Our search and selection criteria are summarised in [figure 1](#F1){ref-type="fig"}. Of the 12 730 studies identified through various database searches, 2894 were duplicates and 9661 did not meet the inclusion criteria for full-text review. Out of the remaining 175 studies that were fully reviewed, data were extracted from the 12 articles that met all the inclusion criteria. No studies reported on QoL or mortality.

![Preferred Reporting Items for Systematic Review and Meta-analysis diagram of article identification, screening and selection.](00168-2019.01){#F1}

There was a high degree of agreement at each level of the review between the three pairs of reviewers with Cohen\'s κ ranging from 0.85 to 0.88 at the title and abstract screening level, and ranging from 0.86 to 0.91 at the full-text screening level.

Characteristics of included studies {#s3b}
-----------------------------------

Evidence for this review came from 12 studies: nine cohort studies, two case--control studies and one cross-sectional study. However, all but five of these studies performed a cross-sectional analysis (*i.e.* calculated an OR). The characteristics of the included studies are presented in [table 1](#TB1){ref-type="table"}. All included studies investigated COPD in adults (age range 20--75 years) and were from Europe (n=6), the USA (n=5) or the Middle East (n=1). All studies collected their dietary data using food frequency questionnaires, which varied between studies. Most studies derived dietary patterns using principal component analysis. A full description of each dietary pattern and the method used to define the patterns included in our review is provided in [table S6](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00168-2019.figures-only#fig-data-supplementary-materials).

###### 

Characteristics of included studies

  **First author \[ref.\], year**                          **Country**   **Study design**   **Total subjects**     **Age of participants years**                     **How COPD was diagnosed**                   **Outcomes of interest**                                                                                                                                      **Factors adjusted for in analysis**                                                                                                                                             **Dietary patterns investigated**
  ------------------------------------------------------- ------------- ------------------ -------------------- ------------------------------------ ---------------------------------------------------------- ----------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------
  **A[rdestani]{.smallcaps} \[22\], 2017**                    Iran        Case--control            164                        Mean 57                   Spirometric (FEV~1~/FVC \<0.70 or FEV~1~ \<80% pred)     OR, FEV~1~, FVC, FEV~1~/FVC                                                                                                                                                 Unadjusted                                                                                                                                                                       DASH (H)
  **B[righam]{.smallcaps} \[[@C62]\], 2018**                   USA            Cohort              15 256                     Mean 54.2                       Spirometric (FEV~1~ and FEV~1~/FVC \<LLN)           PR, FEV~1~, FVC, FEV~1~/FVC                                                                                          Age, sex, race, education, study location, smoking (status and pack-years), physical activity, total energy intake, BMI                                                                                                         Western (U), prudent (H)
  **F[ischer]{.smallcaps} \[36\], 2019**                     Sweden       Case--control            1802                       Mean 55                                     Doctor diagnosis                                   OR                                                                                                                                      Higher education, living alone, number of daily cigarettes                                                                                                                                          Mediterranean (H)
  **M[aisonneuve]{.smallcaps} \[20\], 2016**                  Italy           Cohort               4336                      Median 57                                   Radiological (CT)                                   OR                                                                                                              Age, sex, smoking duration, smoking intensity, years of smoking cessation, asbestos exposure, total energy                                                                                                                  Mediterranean (H)
  **M[c]{.smallcaps}K[eever]{.smallcaps} \[19\], 2010**    Netherlands   Cross-sectional          12 648                    Range 20--59                            Spirometric (GOLD stage ≥2)                              OR                                                                                                                    Age, sex, age squared, height, age×height, smoking status, pack-years, BMI, educational level                                                                                                        Cosmopolitan (H), traditional (U), refined-foods (U)
  **O[gunmoroti]{.smallcaps} \[18\], 2016**                    USA            Cohort               6506                      Mean 62.0                    Doctor diagnosis (discerned through ICD-9 codes)                   HR                                                                                                                                             Age, sex, race/ethnicity, education, income                                                                                                                                                   AHA criteria (H)
  **S[haheen]{.smallcaps} \[21\], 2010**                       UK             Cohort               2942            Mean 65.7 males, 66.6 females                   Spirometric (FEV~1~/FVC \<LLN)                            OR                Age, height, smoking status, pack-years, smoke in home, age left education, home ownership, number of rooms, cars, social class, fat mass, activity score, energy intake, alcohol, dietary supplement use, birth weight, father\'s social class at birth, inhaled or oral steroid use, paracetamol use                       Prudent (H)
  **S[teinemann]{.smallcaps} \[[@C63]\], 2018**            Switzerland        Cohort               2178                      Mean 58.6                             Spirometric (FEV~1~/FVC\<0.70)                            OR                               Study site, sex, age, height, smoking status, pack-years, number of daily cigarettes, exposure to passive smoking in the last 12 months, parental smoking in childhood, educational level, civil status, employment status, physical activity, total energy intake, BMI                     Prudent (H), high-carbohydrate (U), Western (U)
  **V[arasso]{.smallcaps} \[16\], 2007**                       USA            Cohort              42 917                    Range 40--75              Doctor diagnosis and spirometry or radiology (CXR or CT)               RR                                                                                                Age, energy intake, smoking status, pack-years, race/ethnicity, physician visits, US region, BMI, physical activity, multivitamin use                                                                                                  Prudent (H), Western (U)
  **V[arasso]{.smallcaps} \[37\], 2007**                       USA            Cohort              72 043                    Range 30--55              Doctor diagnosis and spirometry or radiology (CXR or CT)               RR                                                     Age, smoking status, pack-years, exposure to second-hand tobacco smoke, menopausal status, race/ethnicity, spouse\'s educational attainment, physician visits, US region, physical activity, multivitamin use, energy intake                                                      Prudent (H), Western (U)
  **V[arasso]{.smallcaps} \[17\], 2015**                       USA            Cohort             120 254         Range 40--75 males, 30--55 females   Doctor diagnosis and spirometry or radiology (CXR or CT)               HR                                                          Age, physical activity, BMI, total energy intake, smoking status, pack-years, second-hand tobacco exposure, race/ethnicity, physician visits, US region, spouse, highest educational attainment, menopausal status                                                      Alternate Healthy Eating Index (H)
  **V[oortman]{.smallcaps} \[38\], 2017**                  Netherlands        Cohort               9701                     Median 64.1                 Spirometric (FEV~1~/FVC \<0.70) or doctor diagnosis                  HR                                                                                                         Age, subcohort, sex, smoking status, education level, employment status, total energy intake, physical activity, BMI                                                                                                        Dutch Dietary Guidelines (H)

FEV~1~: forced expiratory volume in 1 s; FVC: forced vital capacity; LLN: lower limit of normal; CT: computed tomography; GOLD: Global Initiative for Chronic Obstructive Lung Disease; ICD-9: International Classification of Diseases, ninth revision; CXR: chest radiography; PR: prevalence ratio; HR: hazard ratio; RR: risk ratio; BMI: body mass index; DASH: Dietary Approaches to Stop Hypertension; H: healthy; U: unhealthy; AHA: American Heart Association; AHEI: Alternative Healthy Eating Index.

Quality assessments of studies (cohort and cross-sectional) are presented in [table S7](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00168-2019.figures-only#fig-data-supplementary-materials). Based on the overall quality rating of these 10 studies, four were determined to be "good", five "fair" and one "poor". The other two included studies were case--control studies by A[rdestani]{.smallcaps} *et al.* \[[@C22]\] and F[ischer]{.smallcaps} *et al.* \[[@C36]\], which were evaluated using a different NIH-QAT checklist and were thus not included in the table. The study by A[rdestani]{.smallcaps} *et al.* \[[@C22]\] was deemed to be of overall "fair" quality, with several concerns: it was unclear if all eligible cases and/or controls were invited to participate, it was unclear whether dietary exposure occurred prior to the development of COPD and there was uncertain blinding status of assessors. The study by F[ischer]{.smallcaps} *et al.* \[[@C36]\] was deemed to be of overall "fair" quality, with several concerns, including that there was no sample size justification, there was no clear use of concurrent controls and it was unclear whether dietary exposure occurred prior to COPD development.

Healthy dietary patterns and COPD {#s3c}
---------------------------------

The pooled effect estimates of five cross-sectional analyses ([figure 2](#F2){ref-type="fig"}) (OR 0.88, 95% CI 0.82--0.94) and three cohort studies ([figure 3](#F3){ref-type="fig"}) (RR 0.56, 95% CI 0.37--0.84) suggested a lower risk of COPD in those adhering to a healthy dietary pattern. However, while the cross-sectional studies had minimal heterogeneity (I^2^=0%), there was significant heterogeneity (I^2^=78%) among the cohort studies. Of the studies in this meta-analysis, it is important to note that V[arraso]{.smallcaps} *et al.*\[[@C16]\] and V[arraso]{.smallcaps} *et al.* \[[@C37]\] investigated only males and females respectively. Subgroup analysis or investigation of potential publication bias was not conducted due to insufficient study numbers.

![Forest plot of healthy dietary patterns and prevalence of COPD in cross-sectional studies. IV: inverse variance; df: degrees of freedom. Error bars represent 95% confidence intervals.](00168-2019.02){#F2}

![Forest plot of healthy dietary patterns and incidence of COPD in cohort studies. RR: risk ratio; IV: inverse variance; df: degrees of freedom. Error bars represent 95% confidence intervals.](00168-2019.03){#F3}

While eligible for inclusion in our review, O[gunmoroti]{.smallcaps} *et al.* \[[@C18]\] and V[oortman]{.smallcaps} *et al.* \[[@C38]\] were not included in this meta-analysis as there were insufficient data provided to calculate odds ratios or RRs based on the HR. O[gunmoroti]{.smallcaps} *et al.* \[[@C18]\] reported that the ideal diet according to the AHA was not significantly associated with new-onset of COPD compared to a poor diet (HR 0.44, 95% CI 0.06--3.21), while V[oortman]{.smallcaps} *et al.* \[[@C38]\] demonstrated that following the Dutch dietary guidelines was associated with reduced COPD (HR 0.94, 95% CI 0.91--0.98).

Unhealthy dietary patterns and COPD {#s3d}
-----------------------------------

Five studies, four cohort and one cross-sectional, investigated the association between unhealthy dietary patterns and the development of COPD. Meta-analysis ([figure 4](#F4){ref-type="fig"}) of three studies reported a nonsignificant increase in the prevalence of COPD (OR 1.14, 95% CI 0.87--1.50) for those adhering to an unhealthy diet. However, there was significant heterogeneity (I^2^=85%). Subgroup analysis or investigation of potential publication bias was not conducted due to insufficient study numbers. A meta-analysis of longitudinal studies investigating the association between unhealthy dietary patterns and COPD was not performed as there were only two studies. These studies demonstrated a statistically significant increase in COPD incidence (OR 4.56, 95% CI 1.95--10.70) \[[@C16]\] and a nonsignificant increase in COPD incidence (OR 1.31, 95% CI 0.94--1.82) \[[@C37]\].

![Forest plot of unhealthy dietary patterns and prevalence of COPD in cross-sectional studies. IV: inverse variance; df: degrees of freedom. Error bars represent 95% confidence intervals.](00168-2019.04){#F4}

Dietary patterns and spirometric outcomes {#s3e}
-----------------------------------------

A[rdestani]{.smallcaps} *et al.* \[[@C22]\] reported the mean per cent of predicted spirometric values for cases and controls based on tertiles of adherence to a DASH diet. There was no significant association between DASH tertiles and spirometric outcomes in those with COPD, although a significant decrease in the FEV~1~/FVC ratio was noted in those with higher adherence to the DASH diet amongst controls (p=0.04).

Discussion {#s4}
==========

While previous research has mainly investigated the effects of individual nutrients and food groups on COPD, the investigation of the combined effects of overall dietary patterns is an important area of ongoing research. This systematic review summarises the findings from observational studies published to date on the association between dietary patterns and COPD. Overall, adherence to a healthy dietary pattern was associated with a lower prevalence of COPD, whereas adhering to an unhealthy dietary pattern was associated with a higher prevalence of COPD (statistically not significant).

The aim of this study was to investigate the risk of different dietary patterns at an epidemiological level. The exact mechanism by which diet affects risk of COPD is not known; however, several possible explanations have been proposed: 1) alteration of systemic oxidant and antioxidant balance \[[@C9], [@C39]--[@C41]\]; 2) changing the function of various inflammatory proteins and receptors \[[@C42], [@C43]\] (*e.g.* polyunsaturated fatty acids can impact the functioning of interferon-γ receptors) \[[@C41], [@C44]\]; 3) nutrients being metabolised into pro- or anti-inflammatory molecules and thus modulating disease risk \[[@C45]\]; 4) changes in the gut microbiota \[[@C46]\]; or 5) food containing saturated fatty acids, fibre and vitamin C affecting lung volumes, respiratory muscle strength and gas exchange \[[@C21], [@C47]--[@C52]\].

Even though the mechanism is not well understood, meta-analysis showed a greater association between adherence to a healthy diet and decreased COPD prevalence or incidence. However, there were only three studies that looked at the relationship longitudinally as most cohort studies had an embedded cross-sectional comparison and had high heterogeneity, limiting the interpretability of the latter summary statistic. The main reasons for this was likely due to very different inclusion criteria; one study recruited females subjects between 30 and 55 years of age while another study recruited only males between the ages of 40 and 75 years. Furthermore, the third study used the same two cohorts from the previous two studies but looked at a different dietary pattern, thus not resolving the intrinsic differences between the first two study groups. Thus, the meta-analysis of healthy dietary pattern adherence and COPD incidence is essentially based only on two cohorts with important key differences in baseline characteristics.

While there were insufficient studies to perform subgroup analysis, the studies by Varraso and colleagues \[[@C16], [@C37]\] investigated the effects of western diet in men and women, and reported an increase in COPD risk in both men and women, although the result was not statistically significant in women. These results, taken together, may point towards an overall lower risk of COPD development in females, but previous research contradicts this finding \[[@C53]\]. One potential explanation for this trend is a difference in other key risk factor exposures that may not have been fully controlled for between men and women in the various studies, such as exposure to pollution, socioeconomic status, and other associated lifestyle interventions like exercise.

Our findings suggest consumption of unhealthy dietary patterns was associated with higher risk of COPD; however, the findings were not statistically significant and had high heterogeneity. While subgroup analysis and investigation for publication bias would be ideal to explore potential causes of this heterogeneity, this was not possible due to insufficient study numbers. There are several potential causes that may explain the heterogeneity evident in this analysis. Firstly, the various dietary patterns included in this analysis included the Western Diet (n=2), traditional diet (n=1), refined-foods diet (n=1) and high-carbohydrate diet (n=1). The exact foods contained within each dietary pattern, even amongst the two labelled as "Western Diet", varied between studies and this is a potential source of significant heterogeneity in this analysis. Additionally, different geographic regions were evident between studies with two studies conducted in western Europe and one in the USA. Publication bias is another key potential source of heterogeneity, which we were unable to explore due to insufficient study numbers.

Although several studies looked at the relationship between dietary patterns and spirometric indices, these studies looked at mixed populations that had participants with and without COPD. Only A[rdestani]{.smallcaps} *et al.* \[[@C22]\] separated populations by the presence or absence of COPD. They found that there was a significant relationship between healthy dietary patterns and spirometric indices in controls but not cases. However, this was a small case--control study, so it is difficult to draw any conclusions.

Strengths of our review include the methodological rigour used to conduct this study compared to prior reviews on the topic. Although there has already been a review published on this topic by Z[heng]{.smallcaps} *et al.* \[[@C11]\], a strength of our review is that we were more stringent on the definition of COPD, requiring a physician, radiological and/or pulmonary function testing-based diagnosis, reducing the risk of misclassification and potential bias as a result. We additionally excluded studies that investigated oligonutrients or individual foods, which we did not consider to be dietary patterns. This led to the exclusion of eight out of 13 studies included in the prior review due to their analysis of COPD in relation to vegetable/fruit intake (n=3), cured meat intake (n=2), fibre intake (n=2) or cured meat and vegetables/fruit separately (n=1) \[[@C11], [@C54]--[@C61]\]. Only five of the studies were deemed to investigate true dietary patterns \[[@C11]\]. Another strength of our study is the rigorous search methodology used, in particular, our attempt to identify all potential studies for inclusion by our use of numerous databases and broad search terms. Finally, this review had enough data to avoid pooling of different outcomes, which led to less heterogeneity than previous reviews.

There were several key limitations to our study. First, most studies included were conducted in Europe or North America, potentially reducing the applicability of study findings to other populations. It is also possible that studies not published in English were excluded. Hence, the results may not be consistent in other regions where indoor or outdoor air pollution may strongly influence the development of COPD, or the relative scarcity of food during childhood may affect lung development. Secondly, our review had a considerable degree of heterogeneity (I^2^\>0.75) for the meta-analyses investigating healthy diets and the incidence of COPD, as well as unhealthy diets and the prevalence of COPD. The cause of this is likely to be multifactorial including different study populations, different methods of dietary information collection between studies, potential publication bias, biological sex differences between studies, and the different dietary patterns included under the broad umbrella categories of "healthy" *versus* "unhealthy". The pooling of different dietary patterns based upon healthy and unhealthy was a methodological limitation of this review but there were not enough studies to look at individual dietary patterns separately. Thirdly, due to the observational nature of our review, it is difficult to infer causality.

Our review holds important implications for future clinical practice. The previous review by Z[heng]{.smallcaps} *et al.* \[[@C11]\] did conclude that healthy dietary patterns reduced the risk of COPD, while unhealthy dietary patterns led to increased risk. While useful for hypothesis generation, the inclusion of studies not investigating true dietary patterns made the translation of results into clinical practice challenging. Additionally, the significant heterogeneity in their meta-analyses limited the interpretability of their findings. Repeating this systematic review and meta-analysis with strict inclusion criteria, we were able to replicate their findings in a cross-sectional analysis of healthy diets with minimal heterogeneity. Future research using well-powered but longitudinal designs and randomised controlled trials investigating the effects of well-characterised dietary patterns on the incidence of COPD is needed to bridge the existing gaps in knowledge. Additional cohort studies will allow investigation of potential causes or sources of heterogeneity as well as the potential for publication bias; this is paramount and necessary for the accurate interpretation of the overall body of evidence. Additional research looking at other important outcomes in COPD (*i.e.* exacerbations, spirometry, QoL and mortality) and the cumulative effects of confounding exposures associated with COPD (*i.e.* pollution, sex, physical activity, occupational exposures and socioeconomic status) is also needed and will be useful in translating current research into future clinical practice.
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